JP2003229599 



Title: 

BORON PHOSPHIDE TYPE SEMICONDUCTOR DEVICE, METHOD OF 
MANUFACTURING IT, LIGHT-EMITTING DIODE AND BORON PHOSPHIDE 

TYPE SEMICQJ^J^pTOR LAYER 

PROBLEM TO BE SOLVED: To provide a boron phosphide type semiconductor device, in 

which a characteristic is advanced, providing a polycrystalline boron phosphide type 
semiconductor iayer stably including twins which have twin faces having specific crystal 

directions. 

SOLUTION: A substrate is formed with (111) Si single crystals having surfaces 
constructed with (111) crystal faces, a laminated boron phosphide type semiconductor 
layer is constructed with a polycrystal iayer in which a plurality of single crystal body, 
which has a bottom face formed with (111) the crystal face and also is surrounded by a 
face equivalent to (111) the crystal face, constructed with square spindle shape boron 
phosphide type semiconductor crystals are got together; further, the single crystal body 
has a twin boundary surface having a tilt angle of 60 degrees against (110) a crystal 

orientation of the substrate. 
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(57) 

[fm^m m^^. mm^ {hd ^^Bmt-t^ 
{ 111 > - s i Mm^b ^<r>±.i.zmm-t^ v 

WSm^fiim^. {Ill) M^BA»4.=3r^JK®** 

{ 1 11 } m^Bmtmm^j:mx'mtiirz. mm. 

limi<o< 110 >iiga*-lnit:MLT 6 0;^<o^ig-C'ffi 
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im^mi ] ^ ( s i ) #ifeB^B*>^>^-i>^^. mm 
m=f-\.zi^^^x . mm<r>w^ti<. mm^ { 1 1 u m^m 

fc-rs { 1 1 1 > -S imi^H^B*»'^=5rO . mfiecou 
«l!fj?i^i|iaSt«cJi{i. mL<r> {111) JgSBtWtcffi 

n vtz y v^Msi^if^fiisiSB^Bio < 1 1 1 } m^Bmt^h 

^^iSffiSrWL. fio { 1 1 1 } ^^ffiii^^ra-C'ffl 

^Bmi)-i\>m^^ti^^t ^mmtT^m^miiztm<D 

WM* ( b o r o n monopho 

sph i de ) i^^at-(>^j:i,zt^^mt-t^m^mi 
[is^3S4 1 mmv yimmmmfiimi:. {hd 

- S i mS^H^±t:9 5 0°CliLhl 1 0 O'COTCO© 
jgicMV^T, (MOCVD 
ffi) tCiO. «Si$JgSr»^20nmJiUi60nmJ.:ilT 
i: LTJ^^-r 1. ^i^i: -f 1 =3rv ^ L 3 (Cie 

yimm?h¥mim'i'<^mmyjm. 

msm3 ] KriBU y-fM^i^^f*;!?:. { 1 1 1 > 

- S i M^^^m±l>Z 1 0 2 5X:UUi 10 7 5'C];j.T<r> 

iastMv^-c, wts^i^wj-js^ffl^*^ (MOCVD 

t J; 0 . ^ft^^^^B 0 nmm±4 0 nmOT 

[ 6 ] mSM 1 ^ L 3 tciE«c7) ij WbH^i^^ii 
Cfi««7 ] ^ ( S i ) 

mm^mwm^z-^\^x . mmwmK mmt: < 1 1 

1 ) ^^amt^^ {111) -s i#iea3&^^>^0. m 

u<r)^}yimm^^w.m\t. wm { 1 1 1 > «s£b 

lc¥fflcBE?iJt/cy:^-fOT^^^f*:i^^co {111} 
MfBffiA»<b^.&Sffl^^rL. { 1 1 1 > ^^sBh^ 



t-fh u yitmms^^mm, 

[000 1] 

¥B('^o^y) muiizm^ Ltz . u ^MS^^fls 

I., 

[0002] 

im^eomm^ mk(,zs>^x. mm (b) tvy iP) 

t ^m^Ttmt tx^ts u y^mm^^i^(r>-mxh 
h u yimm {BP)^mm vxmi^^ ^- ( l e 

D ) r^J^'f ^- H ( L D ) 

9.021 ^#Bg ) , t^cT) U y -fbim^^^fts^S 

f^5&fflV^T«^$ixTV^S (±iEi07l^ll«Ff^^6. 0 6 
9,0 2 mmm) , Sjfitii. V-f ^'df^^.y7• 
^0U ^-(Liirsa^i^M ( 7 V H ) mt-r?> p n^^s 

«Ji«it*t>§%H>3$fLTV%-|. (.mm2 0 0 1-15 8 2 
[00031 0 , 3^»fiLhtC(i. 

^BS*>'^;i-r^^t*^'WBBLTv^^. mtimmi { i 
0 0 ) m^mt-ti> { 1 0 0 } - s i ^^^B«^±ic 
{i. mmmmiz^mzmMLtz {loo) ^^^aW^^i^^j: 
h u y\mimm^i:^^^-th <nimhx \^h^i^ 
^mm. ^^\/mmk}L) 1 (1992^6^25 

B> (W) «^;*;^aiJiS^^tfm9SiJ. 7 7K#M) . 
v-U 3>a«LhtC<i, jK^ ( t w i n n i n g ) 

^nrv^l. (±12^0 ri{i^#cgcte (±) J . 9 8H# 

m . -:^-c{i^^B5:-^tf < 1 0 0 } - u >"ft;i8«#M 

(±) J . 9 9~10 0H#BS) . 
[0004] 

[f&BJ**Mg>iLJ:di:-r^igM] Wmmt'^Wfcth):. 

:Lhx\t. ^)y^ymmm^zist.ixhim\%. m^wf^ 

<r>m:^^^wm'hWj^-k%^->x\^h)^'^ith 
(±iB<o ^^mm (±) J . 1 ooB:#Bg) , 

itmm^^mi^m^^M Lxn^<Dimmt^j:'^x\^ 
m-h. mkim&^^Mtx^tsuy^mm^^^ 
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mm. ^<r,^^izmti?>mmf'i^^LX'm 

[0005] *^Bfl(i. M^B^^^LXi^t-ti> Zbt^ 

■t^^^Bmmij-i^^^u yimmm^i^mtii. ^ 

m) (c.w.^iym. ""-(t^^B^j {mm45^e 
nisa. m) mm&mf^M. 75-7 em^m) 

[00061 

[uss-fti^-rs^i^c^gii BP^. ^^mii. ( 1 ) 

ji* ( s i ) Mm^B^^i^^^mmt . mmLcr>mm±iz 

mtr^-t^ 0 yimmi^mim^ij^i^^^ u y^mm 
i^^f^iii: imtfc V yimm^^mi^mirtzm^ 

T, mii<r>mLtK ^ffiSr {111} ^^ffi^s-T-S. { 1 

1 1 } -siM^^i3>i^^^. Buiao'j yimm^^ 
i^ma. mmco { i ii } mimiz^mz^mLtivy 

-fbiiS^#S«sMSO {111} iS^M*-'^.=^-I.JS®^ 

^TL. fio { 1 1 1 } f^^Bmtms^j:mx'mttirz. n 

mwi<^< 1 1 o>m^B-n\^i>znLx e om<7)nm.x'm\'^ 
tiM^Bi^^mi:^^^ ^ t iimLb-ti* 0 yitmm^^ 

[00071 4:^*^Hfll4. ( 2 ) mflE U y-fbHlgl^ 

mi^mcr>±izi 1 1 -vmit-^^^f^mtimm^tix 
m^^h.tim& c^xn) m^i^L. mill -vm 
it-^m^^i^mfjK u yimm^^i^mi^j:^^m^ 
i^(rmmi>z^-ti>i^&m(r>mm^ (tsi^isipg) 

■r^±ie ( 1 ) izismcovyimm^'^mim^. 
( 3 ) fnsu yimm^Mmii=m^<o^m^i}^. m* 

fJtcT) l> y^MS (boron monophosphi 
de) ^^^-i^^j:^^b^Wmb-t^±U(l) t.fzii 

( 2 ) tciaiscou >"fi:iB*i^^#:«^ . 

[00081 *^2(s:?|Bfll4. ( 4 ) mriSU WbAH^^^ 
{ 1 1 1 } - S i miSfB^±tC9 5 Orm 

±110 ormT^ojagicj^v'.T, 

fH^m (MOCVD&) ^«3S.SSrftW-2 0n 

miJUi6 0 nmaTt tTJ^^-^S^ SrltSfc-T^i 

IS ( 1 ) ^v^L ( 3 ) ^ztm<7^v y'^mmm^^i^m^ 
cr>mm.-)Tm. ( 5 ) buisu y-fMs^^^^^as:, { 1 
1 1 } - s i mm^minz 1 0 2 5-cj.:ui 1 0 7 5'c 



CVDS) tCiO. fi£;ga[iK$r»^3 0nmJiUi4 0n 
I0 0 0 9\t.tz^%m\i. (6) ±fB ( 1 ) ^Srv^t 

[0010] t.fz^wm. ( 7 ) ( s i ) 
i}^^^j:hwmrmm±.\.zm^^tvk. msL<r>mm^m^ 
-thm^Brntm-cD^im^^-th u 
mi^i}-h^j:^')yimmmmwm^z^\^x. Mie^o* 
{ ill > ig^fflt-r^ { 1 1 u -s i 

0 { 1 1 1 } i^im\>z^mzmnLti')yimm7k^ 

{111} Ma®*»'b^-&igH^^t. JLo 
{111} jeSfflfc^ffi^rmT-HSnit. 1giS:oH:ftM 

*e«ou yimm?h^wmih<^^mm^^fk-^^^fz§' 
m^Bmt^t^m^^ti. ^^f^zmm^BmK mL<r><i 

1 0>^^^-n\^\.znLX 6 0^c7)^^-cffiV^:'i25i^BJ** 
[0011] 

ji« { 1 11 > msm^^mt-Thsism^^^ 
mmmx-ii. { 1 1 1 } - s i ^m^^^bimt 

) ±.\iZn\>zm^X'^^. y-{^^yY (d i am 

0 n d ) m^Bwm.cr> s i m^^B<r> {111} m^m^z 

{4, {10 0} ^v^ti {110} ig^ffiJ: 0 tiei:^ 
Ml^36^WtTV^^. { 1 1 1 } -S i#$gH^ 

mix'\i. ^cr>±.^zimti> u 

^^^-S. {111} -s i^igfa^^-CJii^v:. Sffltc 
iEm. Mix*»<^®l4«0Ji-— S >y ( Ohm i c ) 1t«fii 

immmmLxm^x^. mtii. mm^^mmizm 

A (mQ) mT. J:'3M4t<{40. 1 mi^UlTh-T-g. 
ffi (Hff^. Vf ) cr)iSi\>M^EDt:i>fz{^'rtznm^i>. 

tfz. immzmti^fzib^mLfz^^i:>tiii>-ri^D 

^m^-t^izm}t^j:i>. 

[0 0 1 21 L<(i: {111} -S i»^^B±lC 

mJi-r^^ieaiioyy'fi:«9^a^^f*:ii{4. mm 

(B) tvy (,p) b i:m^(jmb Lx^tsmm. b 

„Alj!jGa^ I ni-a: -fl Pi-er Asff Jl ( 0<a 
^1, 0^jS<l, Ogr<l, 0<a+/3+r^l. 
0^^<1 ) fc-rS. iJt. mtli. B„ A 1 Ga^ 

1 ni.«-fl.^ Pi-s (0<agl. 0^>3<1. 
0^r<l, 0<a + fi + r^l. 0^S<1) i3^e:,m 
^■f-S. ^*#:C0'J WbiB* (b o r on mo nop 
hosphide:BP){4, fli^7C^3&«iffl3g ( B ) i: 
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v\ ttz. mtii. mi^mmc^mn^i^M (mocv 

D ) ^mizm. nmijU:-C3 0 nm 

wM<^mt^itm mm. v/i i ijt) s:i 5U±-r'6 

±^^m3eVt-rtV-( }iJ^y}^^-c^yy (wi d 
e h an d s ap ) ^Wt^h, Zcr)m^j:m±^m 

[0013] ^m^BMcDV y'fmmj^^mf^mit. *^ 
Bj-C'(i. ^couyimm^^im^ij^i^^^M^f^^ 

U - S i 1 1 ±cO##SrBf4c 1 3{i. JSH 

^ y y-fM^^^^^^tiS^co {111} ^^mtmm^j: 
{111) m^mmt-thmf^m^f^i3 cc^ynm^^t 

tV^^, ^^ig^ftl 3c7)JSffil 3a{i. {111}- 

s {111} m^miz^^^izmm^iifz 

vyimmw^i^i&^io {111} ilSSpB*»4,5:5. 

JSffil3ai:{i, { 1 1 1 } -S i#iKS^l 1<^ 

[0014] :^^mco^m^mii. m2cr^mm:mi>z 
i^zm-^^-^xmrn^itx^^^^ . #m^sf*:i sim-^m 

1 Si-frLXS-^AZ^tX^^^h, ^mi^^l 30F«3 
mzit. M¥b1 5i^^-{tXh^. =&#^9^H#:l 3<^ 

f^mz^t-tfzm^mi 4 cornet ^ij^tm-wnz- 
^^comm^ni^i 3*»^>«^s^^Tv^^ ^jyitmm^^ 

{4#tc:. msLt:^-r { 1 1 1 } - S i m^^< 1 1 0 
>m^1f\^izieiLn&izLx eo&r ) c7):^ri^otc?J?^ 
m^mwimz^ titfzsm^i¥i s^m^^-tx^i^^ 

y^mm?M^i^i^^B<^ {111} iS^Bic^fiffi^HT 
h^. BP*>. {Ill}, {-i.-i.-i.}, 
{ 1 . - 1 . 1 . } m<r>m^mx'$>^, tfz. M^m 
li. mnm^comm^ 1 3 comm^mm-^ u y^m 

mJ^^mii^l^^BComtiij^cr) { 1 1 1 } SSa^HHtcT^rfc^r 
{111} SgH^BHSr^JlSHl 4i:-r'l.?Ji^Bl 5c7)|%^tc 

H D . s i Mm^mib V ymm^^im^b <7)ts 

^S;:^V>/f-lC^S-r.|>$;^S "/ b (misfit)^ 

^«si^fBXi4. {111} Mm^M^mt-t^M^ 



^^i^m^BCO {111} ie^affl^^fsBii-r^^B^HS: 

y^y hm&<omit:^^Lxmi-fhiz^^^m$T 
[0015] M^BCo^^umtif. m'm.m^imizx 

^«^m^J . 1 997^1 1^2 50. (tt) 1^ 

m^msmnmiM. 1 1 i~i 1 3h#m) , ^^v:. 
Aftf^^^S: U yimm^^iiim<D< 1 1 0 >iKS:^r 
mz^ntLxmm.Lt:^^m±<7)<i 1 o>)SfB* 

tf. <1 1 0>^^:fj\^tM^btf^^j:i-nmt:m^^t 
ifiX^^h. H^^lc. 3RS{i:iJt. -ao«Ji^Pll ( s t 
acking f an \ t) tM/s-t^lti^X'^h {±. 
IB<7) ^m^nWf-^im^i . 1 1 2H#H1) , 

[0016] :^%m^z^hh^mi:^tsm^m^im:-^ 
^^'$'^^in^\,zi,t. mm<^^^-&mmiz'mm 
-th'iimifhh. mz. {111} igfaM^^s^H^BHt-r 
s^^^r-ii-tfu yimm^^wm^i^-t:>^j:hmnm^ 
(T^m&^WM. mut. v'j:s^^)mm ( (C2H5) 3 

B ) /Ti-^xy ^y {PWi) /7m ( H2 ) ^mWhii-r 

h '^iK^mmmmtimmLWS^ ( m o c v d > 
i-^T, EK«iassr«^t:$ijffliLT?g^-r^« ±feMo 
c V D T . u y-ft:iB3^*^#:^s^ii . # 

OlgHfi:. 9 5 O-CiJJli 1 1 0 O'CmrS i^KSf ^ L< 
(4 1 0 2 5'C— 1 0 7 5'Cc7)IEfflf*>.S> . >'i/''>A 

(In) ^'kti^)y\mmik^m'^^Bm<mmiz 

i '?^5a<0*«;9 5 Q'C'-^ 10 0 0X:*<jjSFjaTfc 
!>« r;P5::^'>A (A 1 ) ^ffi^TC^i: LT^tf U V-ft 

jism^«s^j^^«{4. Jt!KWt]Sia<o*«) 1 0 5 ox: 
~l \QO'Cimmx:thh. thll0 0''C^mx.hm&. 
T'(4. B P 6 . B 1 3 P 2 ^C7) U 

[0017]*^. l*l*1--&^iSSf*t$:5ft^Wt= 

»^-r-S.W4. BK«oa^^«3i*2 0nmj!)-ii>=tt^6 0 

(BP) \,Zt>'oX\t. tt^3 0nm~4 0nmcO^:RO 
fB^S:* t . MB^attt^n-i. ^i^B^B® icfflilSr* 

<^'}y\mm%^wm^'i^h^zi. ^mi^^wth^ 
iRfc-t-g. h . ^^^z^\^xmmm(^') v ( p ) co» 
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[0018] mm^B¥ii^(r>nmz^^ix^y^^n\±. mx. 

^ 'yhmi&<7)iiimim\'t^i¥m^^-th, mm. s 
hmmt. ^^wcoj^mz^^M^^zii^msL^ti. 

[0 0 19] iJt, «y MEfic^^'SrV^ 

mwmhcr)^Wi\>zwmm^WLn^m^^WLi:^mitti: 

•ttb. mmtoyii^Mom-t^ ^lt 
^(7^±i,zmmmcr,$)hvyimm^^ 
{i^mimm-r^iz^^i:m-t^. mmmt:oyimmi}^ 

ti>mm-^^^ mmim l n ml^XtX 5 on m^T. 
Igtti 2 n miSUiT' 1 5 n mlJilTii-r'l. LV>, 
[0020] M^^^tsM.m&WiM'^^-tXm^tfz 

Lxm^^xy^ M£fi[*«i!'-^r<. t^^t,zmi?>mm 
b^j:'^x\^^^. m-^x. ^^mcr>m^*^^^j:?>vyim 
m^^mi>^^m^mm±izit . m^Bmzmti^tmm 
M^M^ztt-x^^. mz. mmm^:. ^m^m<r>m. 
HSr^r-r u ymmj^mw<r>m^m^<rymM\,z^cM't 

wm^}'-^j:\.^i^^mzmthmi^^'^hi>zm^^±jif 
hix^. m3\>zmmnz7fctm< . { 1 1 

1 ) ^B^HM*>'i>=5c-g.aMl 7lc^-r^ffi»:£^5 9-tg 
tic { h k U ®tC{i. h = k= l = 10{lll>c0 
fl!l. {IIOK {\0 0\ I^^Wmifihh, Zixt, 
{ h k 1 } SH^HMiT^m^Bmo {111} M^bB^HIw 

( = d) ji, i::tr^pgffiis^^^i7)uy^l:il 
m?h^mwm^f.zh-yxit. d (A) =a/{ (h^n- 

k2+i2) Ui . sine) T^x.^tL^. a (A) ti 

U^'fMS^^^iS^OtSi^^TS!)'). ^ti { 1 1 

1 > m^Bmmi7 b^tnz^^-thm^mti)^^j:'tn^ 
r ) •C'S>-i.o ^j;t{i'. y (BP) ^msjio 

^ffi±tC, ^iOaffiS:«Jie-r&BPmitefi*l 3<^ < 1 



1 1 } m^mtmMi>z^-ti> < 1 1 o } i^^BmtWF 

raps ( ^ 3 . 2 1 A ) IC-grr-l. . y^fsCT) (1.0. 

0. 0. ) m^m^mnttz^/i^yiSM^ cwurt 

z i t e ) (Omit^V • y i^'^AMS ( G ao. 94 

^m^izmi^m^Bmii. mtii. ^m^Fiz^-y 
X. m^m(7)mii:i>rz^-tmMtLxnmizmmx 

[0021] ^^mi<zmhh u y^mm^'^mi^iT)^^ 

tfLEDS:li^X'i=l>, LEDtimtf. P?e { 1 1 

1 } -siMm^t^t. mLti,zmm(B) tvy 

iP) i^ts4¥^BMc^mmm $r ^ LT«* Ltz:$:WM 

1, zmi>^pmvy^mm (bp) ^i^^t. ^m^ji 
-g. njB'j WOT* (BP) ^m^mb^mz-tzmmmm. 

W^m\.zmm:^ h , S?a-ec7)^ih^i|@$r*t; 3 e V i: -f 

3t«^sm-r-i>j?9>y h' ( c 1 a d ) igt Lxmmx^ 

-I.. l%3tii{iGax I ni-xN (O^X^l ) ^V^ti'jy 
-fbS-rkX^^'J-^A (GaNi-yPy : 0<Ygl ) ^A>^>^ 
-l.#F (we 1 1 ) «2:ffi;c)t^-^V^{4^Sc7)i^# 
F (Quantum We 1 1 ) flfit*>4>««-r'S.C:i: 
tt't 1.. H^^i^tC. #Fi■^^^:^T■S^^'U T ( b a r r i 
e r ) JfJiS-ftr^US-T^^ • ^Un^A (A IxGai-x 
N : O^X^l ) J^GaNi-zPz (0^Z<1, Z< 

nmvyimm^m^nmiznm^^-^'y:^ (ohmi 

[0022] t-ti. ryv-y ( u n d o p e ) XMS. 

mco {111) -Si Mm^mb. mK±.i>zmm 
iB) bvy (p) b i:'ttti^m^mmm ^-ftLx^ 
« L-tsrs ( o ) j&«^jp$iife^fitn:«o V y^twmi^ 

b . #SSS«±tClSMJKc7) n J^M-ft^y U A ( G a 
N) JiSrvSttJl (m^^ffil) t L-C(ii.^c«Ji1Sii«£ 
*»^>(4, 'VT^ofif-^Mom^S h 7 ^'xX ( F E 
T ) ^cO^^^T'^N'-f X S:ffi^-C# -S , F E T{4. vStt/i 
±tC>' g'yhdr-(Schottky) Jf-^SiO^'- h 
(gate) m^STs */i^S14®±t;«St:^^n?^3i^ 

~X (source) RX/V^U-i y ( d r a i h) 

[00 23] 

Sr-^tf#iS^f*:{4. S i sm^Ub U y-fCli*^^^ 
[0024] 
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immm] i^xnz. { 1 1 1 } - s i #Ma»«Lh(c^ 
m^ami}^i^^j:h u y'fmm ( b p ) m^iSmttzmmmm. 

[0025] :$mimiZi^hh L E D 1 BOTH^^H 

LED 1 B<oairffim^iasria5ic5^-r. 

[0026] LEDi Bmm<7)mm^i¥i Ali. mm 

( B ) V-rX'pmcO (111) M*»^ 2' {of 
f ) L;^cB^*-ri. S i mfS^SrSMl 0 1 1 LTffifK 
t/vT, »K1 0 l±tc{i, h Ux^;Hi^ ( ( Cj H5 ) 
3 B ) X^s:z.y y ( p H3 ) ( H2 ) i^^BEMO 
CVVmizX^. 3 5 0'CX\ as-g r own4^®-C 
^P^B«^±#:i:-r-l. U >"fbll«*»'i'5r-g.M«® 1 0 2 
«I«L;^:. 1 0 2<r>mmiim Onmt Lt^, 

[0027] wmm 1 0 2<7)mmui. ±iecomoc v 
Dmm^m^mmLx . i o 5 o-cT'#M^Bii*»<^ 

'5:-g.pJ^c7)t>y«« (BP) Jll 0 3S:a«L3t, 

0 nmizn^ l^. u yimmm 1 

0 3«7)dr^y7'liS{41 XI Oi^cm-stL. ^/c. Jl 

[0 0 28] mBimm^mm^ (tem) srfiifflLJtBir 

fl^ 1 0 1<7)< 1 1 o>t^^a-^ifl]iz^mzm^^:xm^ 
-^xnt:pmv y^wmm i o 3<7)mm^-<i}^-y<^Mim^ 
mt:^-r. meiz^-rmiz. ^m^mmti^^-^£^pm^)y 
itmmm i o 3 i:^:^=s-mM^ft 1 0 3 a<o < 1 1 1 > 

^^HtC*5||-ri.llIlff%^l 9{4. <1 1 l>iSB^B^ri6l 
iiZ^mz. S i^MS^l 0 1<7) ( 11 1) iSSBl: 

}^m-hmxmM.2 0izm^Lx&MLx\^fz. ^nxi: 

•5 . mSam 1 0 3 a{4. Si m^^^mMMcrX 1 1 

1 >m^-M\^t<z^mz. u y-fMS^^ < 1 1 1 > ife^B® 
#fiajgt::^-r*D< . s« 1 0 1 OS i #^fHO< 111 

>^fB:&|6llCfi?iJL;^^#i^af*:l 0 3 acOHIJffM^^^ 

LT. assc { 1 1 1 > m^m^w^mt 

t--SKS3&»^><OllI*feiDS2 1 t5ilg$ix;^c, ^tiXK>. 

^m^wi 0 3a(4 < 1 1 1 > m^m^jsL^mt^^j^ 
as:#^•cv t m^^ixtz , }K^j^es-r-s> iiii»f ]^ 
2 1 c^ffig*»4>, jK^ffiiiB Piiisa<7)< 1 1 o>m^-n 
\^><znLnf^fizLx 6 o^cr>-}}mz-^Lx\,^h<7)tfi7ri 

^tifz. 

[ 0 0 2 9 1 pjg u y^mmm i o scommiza. h v 

( (CHg) ^Ga.) yh*J:^^fU^ y-J 
^M. ( (CHs) 3 I nXry^-T (NH3) /Hz^^ 
EMOCVD^tCiO. 8 5 0'CX'y^^cr,nm<^Mit 
fi^)^2^- ^yiy^J^ (Gao.9o I no.ioN) 
IBM 10 4 S:S«L^, ^3^yi 1 0 4<0Jiff{4i(s«; 1 0 



n m i: L/i . 

[0030] 104 (DmmixzM. ^^^^amt^^ 

ts:hry ]i-y°X'nm<7)U y^mmJS l O 5 

fz. nmv yimmm 1 0 5ii^ ±ib<^mocvd^ 
^m^mmm lx. 1050 -cx-mm tti . 
li^s 0 nmi,zm&Lfz. nBu y^mmm 1 0 5 

{4. iieOpJ^yy-fMSJll 0 3i:|31«tC. BPO 

(111) m&mi}^i^^?>JEBmmk(oMm^m 0 5 

a.<r)m-^m^i^m^^ix^i><7yt^j:'>tz, nmvyim 

mams oonmb Ltz, nmvy-immm losc^m 
mx'<7)m±^mt:fzK. 3. oev-cfc-p^, 
[0031] m^minmmx 0 . nmv y^t^m 1 

0 5 Sr=5r'r#^iiSa«s 1 0 5 { 1 1 1 } i^^ffifi. 

(Ill) -siMm^lSLioi<7)<i 1 i>iga::& 

rtiit=:¥1ffc:E5aLt:v>3t, il^, #ifeB^B#:l 0 SacOI^I 
gPfcti, BP^Sco {111} m^mt:M^amti-i,M 

^<7)^i)mm^tu-z, M^BMiiBPrn^cTxi i o> 

f^^l3\^izMLnmiz LX 6 OJKcO:6-l6ltc^^L-^v:, 
[0 03 2] Mia«±=^1i^*5i;'e3. OeVt^;^p 

m V yimmm losRx/nmo yitmmm io5t. 
^ixizm-(^m^mmm^^-tmmi)-i^^^^6m i 

0 4 1 P n«f^r:r;l^7"a ( D H ) tm<7)^ 

mi0 6i:m^Ltz, 

[0033] nmv y'immm i o 5<7)mm<7)'p^mz 

SiaSL^. nj^3f-5>y^'mfigl 0 714. ^ (Au) 

• y)U'7:z^M. ( G e ) •/ ^yl^ ( N i ) 

-S v:?tteil 0 7c7)ii:f5{4*<Jl 2 OjLtmfc L3t. 4 
pJgOS i#iS^S«?l 0 1 <7)SBSiOiii&^iBl:{4. 
P?^*-S y^'mmi 0 8$riEMLTLED 1 B^m^ 
Lfz. pJ^O^j--* •y:7«fiil 0 8(4, TfUS.-^M, 
(A 1 ) XS^«ll*>^mL-^v:. S i#iS^HS«l 0 

1 & [ 2 1 1 ] ij^^iz^nRr/mm^ijmzmsiLx . 

-m^k^S 0 0 Mmti-?>lEJfm(DLED IBbLfz. 
[0 0 34] nm:t-5.-/^^mmi0 7l,Z^ (Au) W. 
t:mkLtim. nm^-i'yi!^nMl0 7RX/pm:^- 
5 -y 1 0 8 1 (^miiZmJjl^iZ 2 0 5 U Ty^-T 

(mA) cowf^rngs^assLmaK^tt^psL/s, ^ 

it'P't-^mm^ 2 0 nmfc:5r-^/i. ^X^^^ hJU<7) 
^ffiiH (FWHM) <43 2nmi:=5rr>it, 2|55|B^Ti4. 
5X7 -f >y hlKficOS^-^OiKV^pJ^U V-fM^il 10 3 
^TfflUii: LX^tm 10 4 Srm-r-S^fiKi: L^-^^^c 
mMmiZii^mytcomm. (dark l l n e ) 

(*^. *at^, r^mmm^T.^-^ • s^t^^ j 

(¥^7r^5^2 0B. X^ll» (^*) llfi=5IIS. 15 
5-1 5 6H:#bB) (i^f§$ix-r. ?Bt«i^iO^®J&^'i> 

^n^^mmtxmm^ti^i-'yy' ( c h i p ) «® 
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X'commia 5 U ^ 7 ( m c d ) i; ^5: 0 . m^M^ 
mcOLEDi)<mm^tlhZtil^j:'yfz. tti. LEDl 

B<^«cg-ma ( I - V) #tt(c{4. m&cDmmizmh 

^BWKl'SriiBE^^ (localbreakdown)*?) 

mmm ^M-r-g. p n^^mco^m i o 6*>' 

Uffi^s. mm. V f ) {43 . 6 V (Ji:6-i6im8£= 2 0 

mA) -e. mfi\^mmi6v m^jmrnm^ i o 

[0035] 

*^0BT{4. ^iBS: {111} -iK^ffl 
[il2 ] 3l5^BBt:«*#ig^Ji<^<8^S:S^-r¥H«^0 

•cab's., 

[113 ] if.%mz^h y { 1 1 

[04 ] *5|BH<7)||Sg^jtc:^|,LED<^^iSiK^-Cfc 

[01] 




[05] 03«?)«fBllX-X' l:f&o)tLEDi7)|||fM«l^ 

[06 ] ^wmmmm^h u wi:fflssii«om^iHi 
lA SJiiiitf^: 

IB LED 

11 Si m^^si 

1 2 u y\mmmmwt'm^m 

13 

13a mig^f4c<^j[£B 
14 

1 5 ^^B 

16 smmi<7ym^m 

1 7 {111} m^m 

18 {hk 1 } ffi 

1 9 U y'fM^#^^<*<7)[HlUf Xdf y h 

2 0 Si im^^cnmiSxP^^ -y h 
2 1 ^SO|lI»fX;Jf>yh 

10 1 Si 

10 2 mmm 

103 pj^u^-fbu^a 

103a imm^ 

104 

105 nJ^UWM^Ji 
10 5a m^^W 
106 

107 n?^:t-5 •y^'Bfis 

108 pJ^jT— 5 •yrJ'flSB 

[02] 
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[113] [114] 




t^aa »itn ean tsaa 



[05] 

[06] 



X X' 




1 0 B 
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